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I In nt tr ro od du uc ct ti io on n
The fronto-temporo-orbito-zygomatic approach (FTOZA) is an extension of a classic pterional approach that includes osteotomy which encompasses the superolateral orbital rim, superior part of the body of the zygomatic bone and zygomatic arch. This approach facilitates access to the middle cranial fossa and adjacent regions through reduction of the distance between the surgeon and the operative field along with a decrease of necessary brain retraction. On top of that, FTOZA improves the range of manipulation above the skull base level, in particular within the interpeduncular fossa. The indications for this approach in oncology as well as in the treatment of vascular malformations arise from its advantages then. The aim of the following paper is to present our results of the surgical treatment of middle sphenoid ridge meningiomas using the FTOZA.
M Ma at te er ri ia al l a an nd d m me et th ho od ds s
FTOZA has been used in the Clinical Department of Neurosurgery in Sosnowiec since 1990. During the first three years it was used solely in the treatment of vascular malformations. It has been used for oncological indications since 1993. A retrospective analysis of 30 patients (19 women, 11 men aged 19 to 71 years) treated for various types of middle sphenoid ridge meningiomas was performed. Additionally to the aforementioned group of meningiomas, FTOZA was used by the authors to take out two meningiomas that involved the temporal pyramid apex and upper part of the clivus and seven tumours of the central part of the skull base, including haemangiopericytomas, epidermoids, chordomas and pituitary adenomas. Due to their variability, these cases were not included in the presented clinical analysis.
Neurological status of the patients at the beginning of the treatment, at discharge and at the end of rehabilitation (Table 1 and 2) and changes in everyday performance assessed with the Karnofsky scale (Table 3) were analysed. The volumes of the tumours were approximated with the formula for a rotational ellipsoid (volume = Π/6 (x × y × z)), based on MRI examination. The extent of resection was assessed based on preand postoperative MRI examinations; the Simpson scale was used as well. The relationship to large vessels, cranial nerves and brain stem along with tumour consistency and vascularity was also evaluated. The distribution of catamnesis time, follow-up time and tumour volumes was analysed with the Shapiro-Wilk test. Variables without normal distribution were described with median and interquartile range (IQR). Variables with normal distribution were described with mean and standard deviation (SD).
R Re es su ul lt ts s
The time of catamnesis for all the patients varied from 1 to 36 months (median: 6 months, IQR: 4-12 months). Unilateral or bilateral optic nerve abnormalities were the presenting symptom in 27.5%. This symptom was the earliest and the most common one. Approximately 20% of cases presented with headache, epilepsy, psychoorganic syndrome and paresis or paralysis of the oculomotor nerve. Other, less frequent signs and symptoms are summarized in Table 1 .
Tumours were usually located in eight adjacent anatomical regions: median part of the lesser sphenoid wing (33.3%), tentorial incisura (20%), median part of the larger sphenoid wing (26.6%), lateral boundaries of the cavernous sinus (20%), interior of the cavernous sinus (23.3%), sellar region (16.6%), interpeduncular fossa (33.3%) and upper part of the clivus (20%). Approximate volumes of the tumours varied from 5 to 212 cm 3 (median: 63 cm 3 , IQR: 24-87 cm 3 ). C Co on nc cl lu us si io on ns s: : The FTOZA is a useful technique for removal of tumours expanding superiorly to the middle cranial fossa base without significant compression of the brain. Ability to remove tumours through the described approach decreases as the degree of infiltration of the clivus increases.
K Ke ey y w wo or rd ds s: : sphenoid bone, internal carotid artery, meningioma, microsurgery, skull base surgery.
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Medial sphenoid ridge meningiomas
Tumours were adjacent to the brain stem in 60% of cases; however, they displaced it in only 13.3% of cases. In two cases, brain stem pia infiltration was encountered. Tumours adjoined cranial nerves (olfactory, optic, oculomotor, trochlear, trigeminal or abducent) in 83.3% of cases. Adhesions or encasement of cranial nerves resulted in technical difficulties in nerve continuity preservation. Adhesions were common in the case of the optic nerve while the oculomotor nerve was usually encased, most often in meningiomas that infiltrated the cavernous sinus (23.3% of cases). Similarly, 83.3% of tumours were adjacent to large vessels, i.e. internal carotid artery, basilar artery and/or their branches. In four cases, arachnoid that surrounded vessels was infiltrated; the internal carotid artery was involved in three cases and the middle cerebral artery was involved in one case.
N Ne eu ur ro ol lo og gi ic ca al l a ab bn no or rm ma al li it ty y E Ex xa am mi in na at ti io on n o on n E Ex xa am mi in na at ti io on n o on n F Fo ol ll lo ow w--u up p a ad dm mi is ss si io on n ( (% %) ) d di is sc ch ha ar rg ge e ( (% %) ) e ex xa am mi in na at ti io on n ( (% %) ) Decreased sensation in distribution of ophthalmic nerve 3. N Ne eu ur ro ol lo og gi ic ca al l a ab bn no or rm ma al li it ty y E Ex xa am mi in na at ti io on n o on n E Ex xa am mi in na at ti io on n o on n F Fo ol ll lo ow w--u up p a ad dm mi is ss si io on n ( (% %) ) d di is sc ch ha ar rg ge e ( (% %) ) e ex xa am mi in na at ti io on n ( (% %) ) Cranial nerves were injured, i.e. their continuity was compromised, in 17% of cases. Postoperative cranial nerve disturbances that resulted from surgery rather than the disease itself were seen in 27.5% of patients. Follow-up revealed persistent changes in 20.5% of patients (Table 2) .
In three cases, an intraoperative injury of the internal carotid artery occurred. In the first one, the damage resulted from vessel wall infiltration by the tumour. Haemostasis was achieved through temporary pressure reduction and compression of the tumour remnants along with the injury site. In another case, during coagulation of the tumour attachment on the lateral wall of the cavernous sinus, bleeding occurred that was controlled with a surgical tamponade for it was considered to be of cavernous sinus origin. The patient underwent a second operation two days later after massive intracerebral haemorrhage; the surgery revealed an internal carotid artery injury in its intracavernous part. The injury was repaired with a vascular suture. An intracerebral clot that destroyed deep brain structures was simultaneously removed. This patient subsequently died; this was the only perioperative casualty in our cohort. The third case of intraoperative internal carotid artery injury occurred during recurrent middle sphenoid ridge meningioma surgery which required all of the intracranial parts of the internal carotid artery to be liberated from the tumour. Several minutes later, while subsequent stages of the surgery were being performed, the blood stream perforated an undermined arterial wall. A haemorrhage was initially controlled with arterial clips. Consequently, the ophthalmic artery was closed and dissected and proximal and distal dural rings of the internal carotid artery were opened. This enabled the mobilization of the whole artery, dissection of the tumour-related eroded part of the vessel and haemodynamically efficient end-to-end anastomosis. Postoperative hemiparesis with oculomotor nerve paralysis arose; it significantly subsided afterwards. The bulb did not atrophy; the eye on the tumour side was blind preoperatively. Apart from postoperative cranial nerve injuries, the most common complications included hemiparesis (34%) and aphasia (17%). During the follow-up, however, their prevalence decreased to 27.5% and 10%, respectively.
Fifty percent of tumours were highly vascular. Preoperative angiography was performed in all of the ca ses where preoperative MRI suggested large vessel encasement. Preoperative embolization subsequent to angiography that revealed high vascularity was performed in one case.
In seven cases (23.3%) tumour resection was not radical. It resulted either from tumour miscellanies on infiltrated vessels or from an elective renouncement of intracavernous part removal. The other option embraced patients without clinical symptoms of intracavernous tumour penetration. In one of these cases, reoperation P Pa at ti ie en nt t n no o. . E Ex xa am mi in na at ti io on n E Ex xa am mi in na at ti io on n F Fo ol ll lo ow w--u up p o on n a ad dm mi is ss si io on n o on n d di is sc ch ha ar rg ge e e ex xa am mi in na at ti io on n Comparison of the functional capacities of the patients on admission and during the follow-up as measured with the Karnofsky performance scale revealed improvement in 16.5%, unchanged condition in 52.8% and deterioration in 26.5% of patients. One patient died, accounting for 3.3% in our cohort.
D Di is sc cu us ss si io on n
Middle sphenoid ridge meningiomas, particularly large ones that expand well above skull base level and encompass the internal carotid artery with its branches, comprise the major indication for FTOZA use [1] [2] [3] . It is worth mentioning, however, that various reports still describe a pterional or frontal lateral approach in the treatment of these tumours [4] [5] [6] [7] [8] . In some cases, the pterional approach is expanded with resections of bone boundaries of the superior orbital fissure and optic canal [9] . An indication for FTOZA use that raises little doubt includes meningiomas that extend from the sphenoid bone via the apex of the pyramid of the temporal bone toward the upper parts of the clivus [10] .
Al-Mefty [4, 11] describes three groups of middle sphenoid ridge meningiomas. Group I covers meningiomas with an attachment on the lower surface of the posterior clinoid process. Group II includes tumours with an attachment on the superior-lateral surface of the anterior clinoid process. Group III takes in generally small tumours with an attachment on the tip of the anterior clinoid process that penetrate the optic canal. Aside from attachment topography, Al-Mefty based his classification on tumour relation to the internal carotid artery and optic nerve. These considerations arise from an observation that the internal carotid artery is not covered by arachnoid for approximately 2 mm in its progress through the cavum caroticum after passing the distal ring. According to Al-Mefty, tumours which arise from the inferior surface of the anterior clinoid process directly contact the wall of the internal carotid artery and during their expansion preserve such contact with the entire intradural part of the internal carotid artery and subsequently with the middle cerebral artery. Meningiomas from group II and III, even though they encase large vessels, still retain an arachnoid layer in between; still group III meningiomas do not retain an arachnoid layer around the optic nerve. In our opinion, especially in the case of large tumours that develop over a long period of time, it is questionable which surface of the anterior clinoid process gave rise to the tumour. Al-Mefty's classification has been questioned by others [6, 9, 12] . In the majority of tumours, the arachnoid layer around large vessels and the optic nerve is preserved. These tumours are classified as group II, the predominant one in Al-Mefty's cohort. Al-Mefty reported only three cases in group I; in our group we had one relevant case. The question arises, however, how one can reconcile Al-Mefty's ideas with intraoperative observations in one of our patients who had the M1 part of the middle cerebral artery completely covered with tumour without any arachnoid layer present while the entire internal carotid artery retained this layer. The report of Russell and Benjamin [6] provides some clues. According to them, cerebrospinal fluid circulation around arachnoid-covered vessels diminishes while tumour pressure increases, which in turn results in the fusion of the arachnoid layer with tumour tissue. It is of particular importance then to distinguish early enough whether a given vessel lacks an arachnoid layer and not to force radical resection. A meticulous review of imaging studies, mainly angiography, is of value. Several years of follow-up suggests that tumour miscellanies on large vessels rarely give a base for recurrence. The report of Russell and Benjamin [6] concurs with this opinion. On top of that, it is worth mentioning that radiosurgery provides a valuable treatment modality for non-radical resections. Its usefulness is limited by the proximity of the visual tract, however [3] . Whenever subtotal resection with subsequent radiosurgery is premeditated it is crucial to create a free space margin between tumour remnants and visual tract structures. One should remember as well that tumour volume should not exceed 15 cm 3 to be eligible for radiosurgery; in simple terms, all of the tumour measures should remain below 3 cm [13] . The aforesaid considerations of whether the arachnoid layer is present around large vessels are not relevant for recurrent cases [11] . Recurrence is one of the main problems related to skull base meningiomas, including those treated via FTOZA [14] [15] [16] . A meningioma that had developed within any of the basal cisterns and was resected (probably non-radically) recurs with no anatomical barriers to influence its growth. Its dissection from vascular as well as neural structures might be very difficult then. A good example is provided by the patient in whom in the second operation it proved impossible to preserve the optic nerve and the internal carotid artery wall (in spite of the fact that it was dissected from the tumour) was so weak that the blood stream ruptured it and forced a reconstruction of the vessel.
Preservation of large vessels is a primary goal of surgery in tumours that qualify for resection with FTOZA use. Of particular importance is identification of the middle cerebral artery prior to tumour resection [3, 6, 17, 18] . It is hard to imagine a tumour in the central part of the middle cranial fossa that would render it impossible. The crucial factor is the determination of the surgeon in his exploration of lateral, i.e. insular, parts of the lateral fissure. Simultaneous separation of large vessels, first the middle cerebral artery and next the internal carotid artery, followed by tumour resection increases patient safety and speeds up the surgery.
Abdel Aziz et al. [1] pointed out that middle sphenoid ridge meningiomas can expand into the cavernous sinus. They divided such meningiomas into clinocavernous, spheno-cavernous and spheno-clinocavernous. Sekhar et al. [19] also used the term sphenocavernous meningiomas. Nakamura et al. [5] divided middle sphenoid ridge meningiomas into those invading and not invading the cavernous sinus.
In our opinion, the meningiomas described above should be divided into three groups based on their relationship to the cavernous sinus. The first group takes in tumours without any relationship to the cavernous sinus. The second group encompasses tumours with an attachment that involves the medial part of the lesser sphenoid wing and lateral wall of the cavernous sinus. The third group includes tumours that grow into the cavernous sinus. A separate group consists of tumours that do not grow into the cavernous sinus but have an attachment on the lateral wall of the cavernous sinus which does not expand on the medial part of the lesser sphenoid wing. They cannot be described as tumours or meningiomas of the lateral wall of the cavernous sinus. The term 'tumour of the lateral wall of the cavernous sinus' was lawfully reserved by El-Kalliny et al. [20] for tumours that grow in between the layers of the lateral wall of the cavernous sinus, such as trigeminal neurinomas. The tumours discussed above could be described as 'tumours of the anterior petroclinoid fold'. A characteristic feature of these tumours is their expansion toward the parabasal-medial part of the temporal lobe. FTOZA use in the resection of these tumours might reduce temporal lobe retraction then.
Separation of tumours with an attachment on the lateral wall of the cavernous sinus has a practical value.
Their vasculature might arise from intracavernous branches of the internal carotid artery. The injury of such a branch or the internal carotid artery itself during coagulation of the tumour attachment was the most probable cause of the fatal haemorrhage two days after surgery that was seen in one of our patients. The authors base their therapeutic decisions on the clinical presentation of patients with tumours penetrating the cavernous sinus. If symptoms of cavernous sinus invasion had been seen preoperatively the cavernous sinus was opened in an attempt to achieve radical resection. If none of these symptoms had been present preoperatively, the resection would cease on the lateral wall of the sinus. These patients subsequently are under constant surveillance with follow-up MRI semi-annually. The presence of either clinical or radiological signs of cavernous sinus invasion gives a basis for reoperation or radiosurgery.
The most common complications of the resections of tumours that require FTOZA use described in the literature are hemiparesis and cranial nerve disturbances [8, 11] . Our results corroborate the reports of others. By the end of postoperative rehabilitation, cranial nerve disturbances and hemiparesis were present in 20.5% and 27.5% of cases, respectively. Hemiparesis usually followed the surgery of large tumours with volumes exceeding 70 cm 3 . Cranial nerve deficits, particularly those responsible for eye movements, were present following the cases with cavernous sinus infiltration. One of the aims of treatment of tumours of the middle cranial base is visual acuity improvement [12, 21] . In our cohort preoperative visual acuity disturbances were present in 27.5% of cases. Immediately after surgery they diminished to 17.2%, with the final outcome at 13.7%. One of the important factors that influence final outcome is embolization of highly vascular tumours. Day [2] stresses that reduced intraoperative bleeding creates convenient circumstances for identification and preservation of valid anatomical structures. Nevertheless, this opinion is disputable, as stated by Dolenc [22] in his comments for the report. Tables 1 and 2 present the entire neurological status of the group analysed. Table 1 describes tumour-related symptoms and signs at presentation as well as their relationship to the surgery in time. It enables comparative analysis before treatment, at the end of the perioperative period when a number of symptoms deteriorate, and after rehabilitation, i.e. no earlier than six months after surgery. The first conclusion that arises from analysis of Table 1 is that the surgical modalities described above do not worsen disease-related symptoms or cause transient deterioration only in the perioperative period. The other conclusion relates to the possible improvements of selected symptoms which occurred prior to surgery, particularly following longterm rehabilitation. Table 2 depicts iatrogenic sequelae of the treatment. Similarly to Table 1 , the assessments were executed prior to surgery, immediately after and at the end of rehabilitation. There are no major differences between the first and the second assessment. Visible disparities are present between the second and the third evaluations. Most of the iatrogenic symptoms either decrease or disappear after rehabilitation.
The majority of patients in our group reported for treatment at the peak of their life activities and most of them resumed their normal life afterwards.
C Co on nc cl lu us si io on ns s 1. The fronto-temporo-orbito-zygomatic approach enables the removal of tumours that invade the interpeduncular fossa from the central part of the middle cranial fossa and adjacent anatomical regions without excessive brain retraction. The effectiveness of resection with this approach diminishes with tumour extension along the clivus toward the posterior fossa. 2. Surgical treatment of tumours that qualify for fronto-temporo-orbito-zygomatic approach use generally do not worsen pre-existing neurological symptoms, while side-effects of it either decrease or disappear with time. 3. The fronto-temporo-orbito-zygomatic approach facilitates good cosmetic outcome and does not impair eye functions on the treated side.
D Di is sc cl lo os su ur re e
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